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(Si) Magnetron sputtering methods and apparatus. 

(57) An apparatus within a vacuum chamber for 
sputtering a thin film of material onto a sub- 
strate that is being moved in a path theret- 
hrough, comprises : 

a cyiindrically shaped target surface (17) that is 
rotatable about an elongated axis (15) thereof 
which is oriented to extend transversely across 
the substrate path, including magnets therein 
facing the path, the target surface being main- 
tained at a negative voltage, thereby defining a 
deposition zone between the target and sub- 
strate path that extends along the length of the 
cylindrical target, and 

means including at least one anode (51) adja- 
cent the target surface and connected to a 
positive voltage from a power source for adjust- 
ing a profile across the deposition zone of a rate 
of deposition of the material onto the substrate. 
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This Invention relates generally to magnetrons 
and plasma processes, and more specifically to an 
application of such processes to sputter thin films of 
material on substrates. 

There are a number of processes in various ap- 5 
plications that involve plasma generation. An exam- 
ple is a dry etching process used in the fabrication of 
semiconductor circuits and elsewhere. Another ex- 
ample is the deposition of thin films onto substrates, 
also used in semiconductor circuit fabrication and 10 
elsewhere. A commercially important coating process 
uses a large magnetron to deposit thin films on large 
substrates such as building or auto glass wherein 
several layers of material are deposited in order to de- 
fine certain optical characteristics of the substrate. 15 

In this and other magnetron applications, it is 
highly desirable to be able to maintain control of a dis- 
tribution of ions within the plasma since the ultimate 
product, whether from an etching, sputtering or other 
plasma process, is affected by this distribution. In the 20 
sputtering of thin films on large substrates, variations 
in the plasma density across the target cause corre- 
sponding variations in the rate of materia! deposition 
onto the substrate. Since most such applications re- 
quire the deposited film to have the same thickness 25 
over the entire substrate, within a very small toler- 
ance, other measures are taken to compensate for 
some non-uniformity of the plasma density but they 
are not always effective as desired. Further, the plas- 
ma density profile across the target often changes 30 
during a thin film deposition or other plasma assisted 
process. 

Therefore, the invention is concerned with the 
provision of techniques for controlling the plasma in 
a magnetron used for depositing films on substrates 35 
in order to result in the deposited films having uniform 
thickness. 

It is also concerned with the provision of techni- 
ques for controlling the plasma during the process of 
sputtering a dielectric film onto a substrate. 40 

Overall, the invention is concerned with improv- 
ing the level of control of various plasma processes. 

In accordance with the invention, there is provid- 
ed apparatus within a vacuum chamber for sputtering 
a thin film of material onto a substrate that is being 45 
moved in a path therethrough, comprising: 

a cylindrically shaped target surface that is n> 
tatable about an elongated axis thereof which is ori- 
ented to extend transversely across the substrate 
path, including magnets therein facing the path, the 50 
target surface being maintained at a negative voltage, 
thereby defining a deposition zone between the tar- 
get and substrate path that extends along the length 
of the cylindrical target, and 

means including at least one anode adjacent 55 
the target surface and connected to a positive voltage 
from a power source for adjusting a profile across the 
deposition zone of a rate of deposition of the material 



onto the substrate. 

Generally, one or more anodes are positioned 
and electrically powered in a manner to control the 
density profile across at least one direction of the 
magnetron plasma. Heretofore, relatively little atten- 
tion has been paid to the role of a magnetron anode 
upon its plasma distribution, particularly in an appli- 
cation of sputtering dielectric material where that dis- 
tribution changes while the process is being carried 
out To implement the present invention, a single 
anode active surface is mechanically moved relative 
to the magnetron cathode during the plasma process, 
or multiple small anodes are fixed at separate loca- 
tions and connected to independently controllable 
power supplies. In either case, the anodes are made 
to be very small in at least a direction in which the 
plasma density profile is to be controlled but they 
need to be large enough to adequately handle the 
amount of electrical current that they carry. The in- 
vention allows the plasma density profile to be shap- 
ed and controlled in a manner that allows adjust- 
ments to be made during an etching, sputtering or 
other process being performed by a magnetron. The 
ability to control the profile during a process is par- 
ticularly advantageous when depositing dielectric 
films since the anode surfaces, just as all other sur- 
faces within the magnetron chamber, become coated 
with the dielectric as the process progresses. 

In a preferred embodiment of the invention, two 
or more such small anodes are positioned with re- 
spect to the cathode in order to provide a plasma den- 
sity profile that is as close as possible to what is de- 
sired. Electrical power to the anodes is controlled 
separately for each anode or groups of anodes. I n one 
form, the relative amounts of electrical current carried 
by each of the anodes is controlled. In another form, 
two or more anodes are connected one at a time in 
sequence to a power source at a rate that is high 
enough for a given process that the substrate sees an 
average plasma density profile over some time. Both 
of these techniques permit adjusting the plasma pro- 
file in a manner that the profile can be altered during 
a process in order to compensate for changing condi- 
tions that occur during the process. When sputtering 
thin film dielectric materials, these techniques allow 
or provide compensation for adverse effects of the 
progressive coating of the anode surfaces with the di- 
electric material being sputtered. 

For a better understanding of the invention, ref- 
erence will now be made, by way of exemplification 
only, to the accompanying drawings, in which: 

Figure 1 schematically illustrates a thin film sput- 
tering apparatus and process of the prior art; 
Figure 2 is a sectional view of the sputtering ap- 
paratus shown in Figure 1, taken at section 2-2 
thereof; 

Figure 3 illustrates by several different curves 
various profiles of rates of deposition across a 
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deposition zone of the equipment shown in Fig- 
ure 1; 

Figure 4 illustrates the use of a single small 
anode, according to one aspect of the present in- 
vention; 

Figure 5 shows the use of two or more small 
anodes with variable gas supplies, according to 
another aspect of the present invention; 
Figure 6 shows a system having two or more 
small anodes that each have their electrical pow- 
er independently controlled; 
Figure 7 is a first embodiment of the anode power 
control of Figure 6; 

Figure 8 is a second embodiment of the power 
control of Figure 6; 

Figure 9 illustrates a preferred type and place- 
ment of anodes to implement any of the aspect of 
the present invention illustrated in Figures 3-8; 
Figure 10 schematically shows a mechanical 
technique that moves a single small anode during 
the deposition process; 

Figure 11 shows an alternative technique of scan- 
ning a mask with a small aperture across an elon- 
gated anode during the deposition process; 
Figure 12 shows the use of electrically controlled 
mechanical shutters over the surfaces of two or 
more small anodes; 

Figure 13A is a top view of a planar magnetron 
utilizing multiple small anodes according to the 
present invention; and 

Figure 13B is a side view of the planar magnetron 
of Figure 13A. 

Figure 1 shows one example of a prior art sput- 
tering process and the equipment used therein. The 
magnetron shown is a type utilizing a cathode 11 hav- 
ing an elongated cylindrical shape that is rotated by 
an electrical motor drive source 13 at a uniform speed 
about an axis 15. Carried on the cylindrical outside 
surface of the cathode 11 is a layer of target material 
1 7 that is sputtered away during the deposition proc- 
ess. 

A substrate 19 is moved along a path that is per- 
pendicular to the axis 1 5 of rotation of the cathode 11 . 
The substrate is moved in one direction along that 
path by some convenient mechanism, such as sup- 
porting rollers 21 which are driven by an electrical 
drive motor 23. An elongated permanent magnet 
structure 25 is positioned within the cathode 11 and 
faces toward the substrate 19 that is being coated. 
The magnet structure 25 does not rotate with the tar- 
get 11 but its stationary position can often be rotat- 
ably adjusted somewhat. The magnet structure 25 
contains magnets continuously along its length. This 
length determines the width of a deposition zone. The 
width of the substrate 19 is slightly less, as a maxi- 
mum, than the length of the magnetic structure 25. 

The deposition process takes place within a va- 
cuum chamber generally formed by metallic walls, as 



schematically indicated by the dash line 27 of Figure 
1. A vacuum pump 29 maintains the pressure within 
the chamber at a low level consistent with the process 
being performed. Process gas is delivered adjacent 

5 the target surface 17 by a tube 31 , or other form of 
conduit, from a supply 33. The tube 31, in one form, 
has holes along its length adjacent the target 17 to de- 
liver gas directly into a deposition zone 35 (Figure 2) 
between the target surface 17 and the substrate 19. 

10 A second similar gas delivery tube can be provided 
on an opposite side of the cathode 11. Other gas de- 
r >: Jivery techniques are also alternatively utilized. 

The class of magnetron illustrated in Figures 1 
and 2 is electrically powered by direct current (D.C.) 

15 power supply 37. Another class of magnetrons utilize 
various forms of alternating or pulsed current. The va- 
rious aspects of the present invention also have ap- 
plicability to that type of magnetron. But in the one il- 
lustrated in Figures 1 and 2, the cathode 11 is con- 

20 nected to a negative voltage relative to that of the 
chamber walls 27, which are generally maintained at 
ground potential. Material used for the target 17 is 
also made to be electrically conductive so that the 
outside surface of the target material is also main- 

25 tained at a negative voltage. 

Very often, the inside surfaces of the metallic va- 
cuum chamber walls 27 are used as the anode for the 
sputtering apparatus. In this case, the walls are still 
maintained at ground potential. Alternatively, others 

30 utilize a separate anode 39 positioned on an opposite 
side of the cathode 11 from the deposition zone 35: 
The anode 39 is then maintained at a positive voltage 
by connection to the power supply 37. 

In order to be able to deposit films having a uni- 

35 form thickness across the width of the substrate 19, 
the rate of material deposition across the substrate 
needs to be uniform. Such a uniformity is illustrated 
by a solid curve 41 of Figure 3. Such a straight line is 
not obtained by the deposition process itself, butrath- 

40 er a deposition rate profile more like that shown by 
the dashed curve 43 is obtained. It is common prac- 
tice to modify the distribution along the length of the 
cathode 11 by the use of trim shields 45 and 47 on 
either side of the deposition zone 35. The trim shields 

45 in effect define the deposition zone 35. The shields 
are maintained electrically isolated from the system 
and are shaped to have a narrower opening in the 
middle portion of the length of the cathode 1 1 , in order 
to restrict the rate of deposition on to the substrate 1 9, 

so and to have a wider opening at either end. The use of 
trim shields can modify a deposition rate prof ile of the 
shape of curve 43 (Figure 3) into something ap- 
proaching the desired straight line function of the 
curve 41. A disadvantage, however, is that material 

55 which could be deposited on the substrate 19 is de- 
posited on the shields 45 and 47 instead, thus reduc- 
ing the potential rate in which the substrate 1 9 can be 
moved through the vacuum chamber in order to re- 
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ceive the desired material layer thickness. 

In operation, the presence of an appropriate gas 
introduced through the tube 31 and negative and pos- 
itive voltages apply respectively to the target 17 and 
anode 39, creates a plasma in the deposition zone 35 5 
that is largely defined by the magnet structure 25 
within the target 11. Another plasma is formed adja- 
cent the anode 39, the two plasmas being linked by 
yet another plasma region therebetween. Free elec- 
trons and ions within the plasma within the deposition 10 
zone 35 bombard the target surface 17 to dislodge 
atoms from that surface. As an alternative or supple- 
ment to use of the trim shields 45 and 47, others have 
controlled the relative amounts of reactive gas intro- 
duced along the length of the target 17, such as by is 
providing a greater flow at the ends of the target 17 
than in its middle. Such control of the reactive gas dis- 
tribution across the target can also be used to adjust, 
to some extent, the deposition profile across the sub- 
strate. 20 

If the process gas introduced through the tube 31 
to the deposition zone is an inert gas, then the mate- 
rial that is deposited on the substrate 19 is that of the 
target 1 7. It is common to deposit thin layers of metals 
by this technique, such as aluminium, zinc, titanium, 25 
and many others, either alone or together. The target 
17 is formed of the material to be deposited plus pos- 
sibly small amounts of other materials that are re- 
quired to give the target 17 required mechanical char- 
acteristics. 30 

The same general process is used to deposit di- 
electric films on the substrate 19, such as silicon di- 
oxide, silicon nitride, silicon oxynitrides, aluminium 
oxide, titanium dioxide, and the like. In these situa- 
tions, the target 1 7 is made of the metal component 35 
of the dielectric film and the process gas supplied 
through the tube 31 provides the other component In 
such processes, the process gas will generally be 
pure oxygen, when depositing oxide films, pure nitro- 
gen, when depositing nitride films, both oxygen and 40 
nitrogen, when depositing oxynitride films, and so 
forth. The gas atoms are reactively combined with 
metal atoms sputtered off the target 17 to provide the 
dielectric film. A noble gas, or combination of noble 
gases, may be mixed with the reactive gases. 45 

It is the deposition of dielectric materials that cre- 
ates the greatest challenges in such a process. That 
is because the dielectric material is not only deposited 
on the substrate, but also on every other surface with- 
in the vacuum chamber. This greatly affects opera- 50 
tion of a DC magnetron during the time that the de- 
position occurs. It is the deposition of dielectric ma- 
terial on the electrically charged surfaces that is most 
significant. Dielectric material deposited on the target 
surface 1 7 is generally not a problem, however, since 55 
its rotation through the deposition zone 35 causes 
any such dielectric to be sputtered off of that surface. 
This is one reason why a rotating cylindrical cathode 



type of magnetron is favoured for such processes. A 
planar magnetron also has dielectric material depos- 
ited over its planner cathode/target surface but it is 
sputtered off only in the "race track" area of the tar- 
get. Other areas of the target become coated with the 
dielectric, eventually causing arcing which can dis- 
rupt continuation of the process. 

Although a great deal of attention has been paid 
to overcoming this effect of dielectric material depos- 
ited on the cathode/target surface, relatively little at- 
tention has been paid to the effect of such deposition 
on the anode surface, the second electrically charged 
element of the system. The purpose of the anode is 
to collect electrons. In a D.C. system, the coating of 
the anode with dielectric material can make that very 
difficult. 

What has been discovered, as part of the present 
invention, is that the coating of the anode also affects 
the profile of the deposition rate across the width of 
the substrate. If the entire inside of the metal walls 27 
of the vacuum chamber (without the separate anode 
37 of Figure 1) is the anode of the system, the effect 
is most pronounced. That large surface area is un- 
evenly coated with the dielectric during the deposition 
process and this apparently results in the effective 
anode surface moving around within the chamber. 
The electrons are going to be attracted to the area or 
areas of this extended anode surface having the thin- 
nest dielectric, and this location can change as the 
process continues. 

The resulting relocation of the anode plasma 
around the inside of the chamber has been found to 
affect the density profile across the cathode plasma 
within the deposition zone 35. An extreme effect on 
that profile is illustrated by the dashed curve 49 of 
Figure 3. A reshaping the trim sh ields 45 and 47 is not 
effective to obtain the uniform profile of curve the 41 
since the distribution of the curve 49 keeps changing 
during the process. This is caused by the effective 
anode surface moving around within the internal 
chamber walls. Use of the separate anode 39 shown 
in Figure 1 reduces these variations somewhat, since 
the area over which the effective anode moves is 
much smaller, but resulting profile changes in the 
course of a sputtering process are still undesirable if 
films of uniform thickness across the substrate are 
required. This effect is exacerbated when the sub- 
strates are large, such as encountered with building 
or vehicle glass which can easily be one, two or more 
meters in width. The width of the deposition zone 35 
thus needs to be at least as large. 

According to one aspect of the invention, this dy- 
namic profile shift during deposition of dielectric films 
is eliminated by reducing the size of the effective 
anode surface. Referring to Figure 4, a very small 
anode 51 is substituted for the larger anode 39 in the 
system of Figure 1 . The free electrons then have a 
much reduced area over which to search for the small- 
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est dielectric film thickness. It is the dimension "D" of 
the anode 51 that extends in a direction parallel with 
the cathode axis of rotation 15 that is the most impor- 
tant Since it is the deposition rate profile in that di- 
rection that is desired to be controlled, it is most im- 
portant that the dimension of the anode 51 in that di- 
rection be maintained very small. Movement of the 
anode plasma in that direction is thus constrained, 
thereby eliminating the effect illustrated by the curve 
49 of Figure 3. The dimension of the anode 51 in a di- 
rection orthogonal to the axis 1 5 is not so important 
when used in the system of Figure 1 but could be 
equally important if the plasma density is also desired 
to be controlled in that orthogonal direction. 

The size of the anode 51 must be large enough, 
however, to handle the electrical current that it is 
called upon to carry. If made too small for this level of 
electrical current, the anode 51 will be damaged by 
overheating. The maximum dimension W D" that is de- 
sirable is eight centimetres, regardless of the length 
of the cathode 11, and preferably less than three cen- 
timetres. 

Although the single small anode 51 does solve 
the problem of the changing deposition profile during 
the deposition of dielectric materials, it must neces- 
sarily be positioned about in the middle of the length 
of the cathode 11 in order that it does not cause the 
deposition profile 43 (Figure 3) to take on some de- 
gree of asymmetry. This in turn causes the rate of de- 
position in the metal section along the length of the 
cathode 11 to increase further relative to the deposi- 
tion rate toward the ends. Although the trim plates 45 
and 47 can be reshaped so that the substrate 19 re- 
ceives a uniform deposition rate across its width, this 
would cause the throughput of the system to be even 
further reduced. 

Therefore, according to another aspect of the 
present invention, and as illustrated in Figure 5, two 
such small anodes 53 and 55 are positioned adjacent 
opposite ends of the cathode 11 . The power supply 57 
connects the same constant voltage level to each of 
these anodes. The effect of this positioning is to raise 
the deposition rate profile at the ends of the cathode 
11 while lowering it in the middle, thus making it more 
uniform and thus reducing the role that the trim 
shields 45 and 47 need to play. Circumstances can 
exist where it is desired to alter the deposition rate 
profile, even when metals are being deposited. The 
profile can be skewed because of the shape of the va- 
cuum chamber and distribution of its components, ef- 
fects that require a one-time adjustment. The profile 
can also change over time during an extended depos- 
ition process because of some parameters changing. 
When dielectrics are being deposited, the use of two 
spaced apart anode surfaces can cause significant 
changes in the deposition rate profile along the length 
of the cathode 11. The effective anode first becomes 
one of the two anodes 53 and 55, and then the other. 



Therefore, a system shown in Figure 5 is provided 
for individually controlling the level of electrical cur- 
rent that each of the anodes 53 and 55 may accept. 
This is accomplished by introducing the process gas 

5 at these anode surfaces, rather than into the depos- 
ition zone 35 as shown in Figures 1 and 2. Ceramic 
nozzles 59 and 61 are respectively positioned adja- 
cent surfaces of the anodes 53 and 55. Gas from the 
source 33 is supplied to each of these nozzles 

10 through respective electrically controlled flow regula- 
tors 63 and 65. An electronic system 67 operates 
these. valves and thus controls the relative amount of 
gas supplied to each of the two anodes. These 
amounts can be set by the user through an interface 

15 circuit 69 to maintain predetermined currents through 
each of the anodes 53 and 57, as fed back from the 
power supply 57 by a control circuit 71. If the gas 
flows are maintained to keep each of the two anode 
currents the same and constant over time, for exam- 

20 pie, the uneven build up of dielectrics on the two 
anode surfaces will not cause the deposition rate pro- 
file to change. In response to sensing an imbalance 
in the current, the power supply 57 will cause the gas 
flows to be adjusted to restore the current balance, in 

25 a dosed loop feedback control system. This avoids 
undesirable deposition rate profile changes over 
time. Further, the control circuit 67 can be set to in- 
tentionally operate with uneven but fixed currents 
through each of the two anodes 53 and 55 in order to 

30 make an adjustment to the deposition rate profile that 
is maintained throughout a long deposition process. * 
As is well known, the magnetic fields associated 
with the magnetron cause the electrons to move in a 
predetermined flow pattern around the cathode 11. 

35 The system of Figure 5 works best if the gas nozzles 
59 and 61 are positioned adjacent an edge of their re- 
spective small anodes 53 and 55 against which this 
electron flow is directed. 

Such an introduction of the process gas is be- 

40 lieved to control the anode currents because the gas 
streams create local high pressure regions adjacent 
the anodes. Since the anodes do not have magnets 
positioned adjacent them, the creation of higher pres- 
sure than the ambient pressure within the vacuum 

45 chamber is believed to promote a more intense good 
anode plasma. 

Referring to Figure 6, electrical techniques for ac- 
complishing the same results are described that do 
not require the adjustable gas system of the Figure 5 

so embodiment. In the embodiment of Figure 6, process- 
ed gas is introduced to the chamber in any ordinary 
manner such as that shown in Figures 1 and 2. The 
same small anodes 53 and 55 are now connected to 
a different electrical power supply 73 which is control- 

55 led by a control system 75 under the influence of user 
set parameters supplied through a circuit 77. Two dif- 
ferent embodiments of the power supply 73 are illu- 
strated in Figure 7 and 8. Referring first to Figure 7, 
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an analog system provides current to the anodes 53 
and 55 from separately controlled power supplies 79 
and 81, respectively. Another separate power supply 
83 is connected with the cathode 11. Each of these 
power supplies is referenced to a common node 85 5 
that is connected to the ground potential of the cham- 
ber walls through a resistor 87. 

The desired control of the deposition profile is ob- 
tained, in one specific example, by utilizing separate 
constant current sources for each of the power sup- 10 
plies 79 and 81, where the constant level of current 
supplied byec.cn is adjustable through the control unit 
75. This then allows the current levels to be set to ob- 
tain a desired deposition rate profile characteristic 
during the process, and can even be changed during 15 
the process by adjusting the relative current levels of 
the power supplies 79 and 81. The use of constant 
current sources assures that this profile will not 
change during the deposition of dielectric materials 
since any uneven deposition on the anodes them- 20 
selves is automatically compensated by the constant 
current capability. 

Referring to Figure 8, operation of a different type 
of power supply 73 (Figure 6) is illustrated. In this em- 
bodiment, power is alternately turned "on" and "off 25 
to each of the small anodes 53 and 55 in synchronism. 
The power supply is effectively switched between the 
two anodes. This has the advantage that, at any one 
instant, there is only one anode surface connected to 
the power supply and thus only one place for the free 30 
electrons to be collected. Therefore, this system has 
the advantage of the single anode system of Figure 4 
insofar as operation of the system with dielectric ma- 
terials being deposited is concerned. But because 
two such anodes are used, this embodiment also has 35 
an advantage of being able to otherwise control the 
deposition rate profile. 

Referring again to Figure 8, the repetitive "on" 
and "off" cycles of power to the two anodes are con- 
trolled in certain ways. The anode 55 has an "on" time 40 
91 during which the anode 53 has an "off time 93. 
Conversely, in a next cycle, the anode 53 is connect- 
ed to the power supply for a time 95 during which the 
anode 55 is turned "off" for a time 97. It will be noted 
that the periods during which each of the anodes is 45 
turned "on" overlaps a small amount. That is, both 
anodes are connected to the power supply at the time 
of switching from one to the other in order to assure 
that an anode plasma is maintained. One switching 
cycle has a period t. The overlap time is made to be so 
less than one one-hundredth (1/100) of x. Atypical 
overlap time is about one hundred microseconds. 

It will be recognized that the deposition rate pro- 
file of the type shown in Figure 3 will be quite different 
when one anode is energized than when the other is 55 
energized. Therefore, the switching occurs fast 
enough so that at least several cycles occur while any 
one part of the substrate is within the deposition zone. 



Referring to Figure 2, it will be noted that a line across 
the width of the substrate, as it moves past the cath- 
ode 1 1 , will remain in the deposition zone 35 for some 
time. It is desired that five or more cycles T occur dur- 
ing the time it takes that line of the substrate 19 to 
travel through the deposition zone 35. That line then 
sees an average of the oscillating deposition rate pro- 
file over many cycles with the same result as when 
the profile remains constant during the line's traverse 
through the deposition zone, in practice, the frequen- 
cy of the switching cycle is chosen so that 8-10 cycles 
t, or more, occur while any one portion of the sub- 
strate is within the deposition zone. 

The time sequencing of the anodes solves the 
problem inherent with the deposition of dielectric ma- 
terials. This technique also allows the profile charac- 
teristics of the type illustrated in Figure 3 to be per- 
manently modified by adjusting the relative "on" 
times during which each of the anodes is connected 
to the power supply 73. That is, rather than the "on" 
times 91 and 95 (Figure 8) being the same, as illu- 
strated, one may be shorter than the other in order to 
compensate for some inherent uneven ness in the de- 
position rate profile in regions adjacent to the two 
anodes. Also, these relative "on" times can be adjust- 
ed during the deposition process in order to compen- 
sate for changes which occur during that process. 

Although two anodes have been used as a basis 
of the illustrations of various aspects of the present 
invention with respect to Figures 5-8, additional 
anodes may be utilized. In the case of the constant 
current control power supply of Figure 7, an additional 
constant current source is added for each of the ad- 
ditional anodes. In the case of the sequencing em- 
bodiment of Figure 8, each anode is turned "on" in se- 
quence while all others are in an "off state, except for 
a small overlap of the next anode in sequence turning 
"on" just before the existing anode turns "off. 

Furthermore, the anodes need not necessarily be 
in a plate shaped with surfaces oriented horizontally. 
Figure 9 shows the use of 4 anodes 101, 103, 105 and 
107 extending along the length of the cathode 11. 
These anodes are each formed of a large number of 
wire segments extending outward from a elongated 
core to which they are attached, these cores being 
elongated in a direction perpendicular to the axis 15 
of rotation of a cathode 11 . The ends of these wires 
form a cylindrically shape having its core positioned 
along the axis of the cylinder. The structure and op- 
eration of such wire brush anodes are more fully pro- 
vided in our European Patent Specification No. 
632,142 the disclosures of which are incorporated 
herein by this reference. 

Because it is a common sputtering application, 
the foregoing description has assumed that a uniform 
deposition rate is to be maintained. Material is then 
deposited onto a flat substrate surface in a layer hav- 
ing a uniform thickness thereacross. However, there 
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are applications where some variation in the deposit- 
ed layer thickness is desired. The anode control tech* 
niques of the present invention make it easier to de- 
posit layers having some predefined thickness gra- 
dient across the width of the substrate. The deposi- 5 
tion rate profile is controlled through adjustment of 
the separate anode characteristics to have a non-uni- 
form but controlled deposition rate profile. There are 
also applications where the substrate is not flat, an 
automobile windshield being an example. Part of the 10 
windshield surface being coated curls upward toward 
the cathode and can even extend substantially 
straight up. In this case, the deposition profile is in- 
tentionally made non-uniform in order to obtain uni- 
form thickness layers over all of the substrate. 1 5 

In each of the embodiments described above, the 
anodes are positioned above the substrate being 
coated. Any particles which are dislodged from the 
anodes during the deposition process are blocked 
from reaching the substrate by positioning a basket 20 
or other barrier under each anode. This is a widely 
used technique, so such barriers have not been 
shown in the drawings. Alternatively, the components 
of the magnetron may be inverted; that is, the sub- 
strate can be positioned above the cathode/target 25 
and the anodes below iL Particles dislodged from the 
anodes then fall away from the substrate. 

Although not preferred, the same beneficial re- 
sults as described above may be obtained by one of 
several mechanical systems. Referring to Figure 10, 30 
a small anode 1 09 is moved back and forth along the 
length of the target 17' by a motor source 111 under 
control of appropriate electronic circuits 113. The use 
of the single small anode has the advantages descri- 
bed above with respect to the embodiment of Figure 35 
4 insofar as the deposition of a dielectric material is 
concerned. The deposition rate profile of the type 
shown in Figure 3 is adjustable by varying the velocity 
profile of movement of the anode 1 09 along this path. 
For example, the anode 109 can remain for a longer 40 
proportion of time at the ends of the target 17* than in 
the middle. The anode would be moved much faster 
through the central portion of its traverse than at its 
ends. At least five or more cycles, preferably 8-10 or 
more, occur during the time it takes for any line across 45 
the width of the substrate to pass through the depos- 
ition zone. 

Figure 11 shows a similar system, except, instead 
of moving a small anode back and forth, an elongated 
anode 11 5 is positioned along the length of the target so 
17 and a mask 117, having an aperture 119, is moved 
back and forth along the length of the anode 115. The 
dimension of the aperture 119 in the direction of the 
length of the anode 115 is made to have the same 
small dimension "D" as described for the single anode 55 
51 in the embodiment of Figure 4. 

In Figure 12, two small anodes 119 and 121 are 
held fixed with respect to the length of the target 1 7\ 



However, each is provided with an operable shutter 
positioned between the anode and the target surface 
17', shutters 123 and 125 being respectively shown. 
Respective motor sources 127 and 129, under the 
control of electronic circuits 131, move the shutters 
123 and 125 individually. The shutters 123 and 125 
may be positioned completely over their respective 
anodes 119 and 121, may be moved completely out 
of the way, or may be maintained somewhere in be- 
tween. If each of the shutters 123 and 125 exposes 
a portion of its respective anodes so that the currents 
of the two anodes are maintained constant, the sys- 
tem of Figure 1 2 becomes a mechanical analog of that 
described with respect to Figures 6 and 7. On the 
other hand, if the shutters 123 and 125 are operated 
in sequence so that only one of the anodes is exposed 
at a time (except for a small overlap where one closes 
shortly after the other opens), a mechanical analog of 
the system described with respect to Figures 6 and 8 
is the result. 

Even though the various embodiments are de- 
scribed above as being implemented in a system hav- 
ing a single rotating cylindrical cathode and target as- 
sembly, the invention can be applied to other config- 
urations. Some sputtering systems, for example, use 
two or more cylindrical targets within a single vacuum 
chamber, their axis of rotation being oriented parallel 
to each other. In such a case, each of the cylindrical 
cathodes may be provided with a duplicate of the 
anode structure of one of the embodiments descri- 
bed, the power supplies and control systems being 
common to both cylindrical targets. Alternatively, two 
or more rotating cylindrical cathodes can share a sin- 
gle anode system. 

The present invention, further, is not limited to 
cylindrical magnetrons. It can also be applied to a pla- 
nar magnetron, an example being schematically illu- 
strated in Figures 13Aand 1 3 B. A substrate 133 to be 
coated is moved past a cathode 135 having a planar 
target surface 137 parallel to that of the substrate 
1 33. The target 1 37 is symmetrical about an axis 136 
extending across the width of the substrate 1 33. Sep- 
arate small anodes 139, 141, 143 and 145 are provid- 
ed adjacent the corners of the cathode 135. These 
anodes can be operated according to any one of the 
embodiments described with respect to Figures 5-8. 
Alternatively, only two anodes are used, being posi- 
tioned at diagonally opposite corners of the cathode 
135. 



Claims 

1. Apparatus within a vacuum chamber (27) for 
sputtering a thin film of material onto a substrate 
(19) that is being moved in a path therethrough, 
comprising: 

a cyf indrically shaped target surface (1 7) that is 
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rotatable about an elongated axis (15) thereof 
which is oriented to extend transversely across 
the substrate path, including magnets (25) there- 
in facing the path, the target surface being main- 
tained at a negative voltage, thereby defining a 5 
deposition zone (35) between the target and sub- 
strate path that extends along the length of the 
cylindrical target, and 

means including at least one anode (51; 53,55; 
109; 115; 119,121) adjacent the target surface 10 
and connected to a positive voltage from a power 
source (37) for adjusting a profile (41) across the 
deposition zone of a rate of deposition of the ma- 
terial onto the substrate. 

15 

2. Apparatus according to Claim 1 in which the de- 
position rate profile adjusting means includes 
means (111, 113) for physically moving the at 
least one anode (109) in a direction of the target 
surface elongated axis (15). 20 

3. Apparatus according to Claim 1 in which the de- 
position rate profile adjusting means includes at 
least one shutter (119; 123,125) positioned to 
shield the at least one anode (115; 120,121), and 25 
means (1 1 1 , 1 1 3; 1 27, 1 29) responsive to a control 
signal for adjusting an amount of the anode that 

is covered by the shutter. 

4. Apparatus according to Claim 1 in which the de- 30 
position rate profile adjusting means includes 

two or more separate anodes (53,55; 120,121) 
that are maintained apart in a direction of the tar- 
get surface elongated axis (15). 

35 

5. Apparatus according to Claim 4 in which depos- 
ition rate profile adjusting means additionally in- 
cludes means (127,129) responsive to control 
signals for physically covering each of the two or 
more separate anodes (120,121) in time se- 40 
quence so that only one anode is exposed at sub- 
stantially all times. 



trical current adjusting means includes means in- 
troducing process gas (59,61) into the chamber 
adjacent surfaces of the two or more anodes 
(53,55) for adjusting the relative amount of gas 
delivered to each of the anodes. 

9. A method of sputtering a dielectric film onto a 
substrate (19) from a target connected to a neg- 
ative voltage source (73) and positioned within a 
vacuum chamber (27) into which a gas is intro- 
duced, wherein relative motion is provided be- 
tween the target and substrate in one direction 
with the target extending across the substrate in 
a direction (15) orthogonal to the one direction, 
comprising the steps of: 

positioning at least two spaced apart anodes 
(53,55) at different locations with respect to the 
target along the orthogonal direction (15), and 
separately controlling the electrical power of a 
positive voltage (73) to each of the at least two 
anodes, thereby to control a profile (41) of a rate 
of sputtering the film across the substrate in the 
orthogonal direction. 

1 0. A method according to Claim 9 in which the power 
controlling step includes energizing individual 
ones of the at least two anodes one at a time in 
sequence, and alternately energizing each of the 
at least two anodes at a rate sufficient for each 
of the anodes to be so energized at least five 
times while a given location of the substrate (11) 
is passing through a zone (35) where the film is 
being deposited on the substrate. 



6. Apparatus according to Claim 4 or Claim 5 in 
which the deposition rate profile adjusting means 45 
additionally includes means (73) interconnecting 

the anodes (53,55) with the power source for sep- 
arately controlling the power applied to the indi- 
vidual anodes. 

50 

7. Apparatus according to any one of Claims 4 to 6 
in which the deposition rate profile adjusting 
means additionally includes means (73; 59,61; 
123,125) for separately adjusting the electrical 
current through individual ones of said two or 55 
more anodes (53,55). 

8. Apparatus according to Claim 7 in which the elec- 
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